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If local supersymmetry is the correct extension of the standard model of particle physics, then following In-
flation the early universe would have been populated by gravitinos produced from scatterings in the hot plasma
during reheating. Their abundance is directly related to the magnitude of the reheating temperature. The grav-
itino lifetime is fixed as a function of its mass, and for gravitinos with lifetimes longer than the age of the
universe at redshift z ' 2 × 106 (or roughly 6 × 106s), decay products can produce spectral distortion of the
cosmic microwave background. Currently available COBE/FIRAS limits on spectral distortion can, in certain
cases, already be competitive with respect to cosmological constraints from primordial nucleosynthesis for some
gravitino decay scenarios. We show how the sensitivity limits on µ and y distortions that can be reached with
current technology would improve constraints and possibly rule out a significant portion of the parameter space
for gravitino masses and Inflation reheating temperatures.
I. INTRODUCTION
The cosmic microwave background (CMB) temperature
and polarization anisotropies represent an invaluable source
of information about the origin and evolution of the Universe.
They are and have been, for the past few decades, one of the
main targets of investigation for cosmology [1]. The CMB,
however, presents us with an additional and independent cos-
mological probe: its energy/frequency spectrum. The fre-
quency spectrum is compatible with a blackbody distribution
with an average temperature of 2.726 K [2]. Deviations from a
blackbody distribution are potentially generated by any physi-
cal process that entails an exchange of energy between matter
and radiation [3] or the modification of the CMB photon num-
ber [4]. As such, spectral distortions allow to constrain mech-
anisms that are within the standard framework of cosmology
(including, for instance, recombination [5], reionization and
structure formation [6], Silk damping of small-scale fluctua-
tions [7]) as well as more exotic possibilities, including ones
inherent to beyond-the-standard model particle physics (see
[8] for some examples).
At redshifts z > 2 × 106, any produced distortion is
quickly erased: double Compton emission, Bremsstrahlung
and Compton scattering are efficient enough to immediately
restore thermal equilibrium in the primordial plasma. At
lower redshifts, 2 × 106 & z & 5 × 104, Compton scattering
between photons and electrons is still very rapid whereas dou-
ble Compton and Bremsstrahlung are no longer efficient. As
a result, a distortion is predominantly produced in the form of
a non-vanishing chemical potential (µ distortion) at high fre-
quencies. Moving down to z . 5 × 104, Compton scattering
also becomes inefficient at restoring kinetic equilibrium and
a y-type distortion is created. The latter can be pictured as a
high-z version of the Sunyaev-Zeldovish (SZ) effect in galaxy
clusters [9]. During the transition between µ and y eras, ad-
ditional (r-type) spectral distortions are produced that cannot
be described as a superposition of µ and y distortions [10].
The r-type distortion is crucial if one wants to constrain the
time-dependence of phenomena generating spectral distortion
around z ≈ 104 − 105 [11].
Current observational bounds on spectral distortions date
back to the COBE/FIRAS measurements: these placed upper
bounds |µ| . 9 × 10−5 and |y| . 1.5 × 10−5 [12]. Modern tech-
nology could yield an improvement of more than three orders
of magnitude in sensitivity [13], a threshold that would allow
one to place meaningful bounds on a vast ensemble of pro-
cesses of relevance for astrophysics and cosmology [14].
Spectral distortions from particle annihilations or decays at
z . 2 × 106 can be used to place constraints on their masses,
abundance and interactions [15]. One such particle, the grav-
itino, is of particular interest and for this reason we focus on
gravitinos in this paper.
Gravitinos are spin 3/2 superpartners of the graviton, pre-
dicted in the context of supergravity theories (see e.g. [17]
for a review). They are expected to acquire a mass (m3/2) via
the super-Higgs mechanism. Because of their gravitational
strength interactions one might expect that, if inflation [19]
occurred, any initial abundance of gravitinos would be diluted
by the expansion. Nevertheless, gravitinos can be produced
after the end of inflation: thermal production from interac-
tions in the hot plasma during reheating as well as non-thermal
effects related to the rapid oscillations of the inflaton, can effi-
ciently replenish the gravitino population [20]. Because their
interactions are fixed to be of gravitational strength, their post-
ar
X
iv
:1
51
2.
09
21
2v
3 
 [h
ep
-p
h]
  3
 Fe
b 2
01
6
2Inflation abundance is fixed by the reheating scale alone [16].
Severe constraints on gravitino abundances arise from cos-
mology [18]. Gravitinos (or their decay products) surviving
until the present time, for instance, would overclose the Uni-
verse if their mass density were to exceed the critical density.
For unstable gravitinos, decays occurring after big-bang nu-
cleosynthesis (BBN) may ruin the successful predictions of
BBN. Decays of gravitinos into neutrinos may affect the ef-
fective number (Neff) of relativistic degrees of freedom (see
e.g. [21]), which is also constrained by large scale structure
and CMB polarization observations [22]. Because gravitinos
lifetime is determined in terms of their mass, sufficiently light
gravitinos will decay after z ≈ 106. If gravitino decays occur
during the µ or the y distortion eras and result into transfer
of energy into the photon plasma, they will produce a distor-
tion of the CMB spectrum, in addition to affecting BBN. Both
BBN and spectral distortion bounds would result in exclusion
regions in the (Trh,m3/2) plane. Constraining gravitino abun-
dances in this way can therefore put important new constraints
on both the scale of supersymmetry breaking and the scale of
Inflation in supersymmetric scenarios.
In this paper, we employ current CMB spectral distor-
tion bounds and sensitivity limits for future measurements
such as the ones proposed with a PIXIE-like experiment to
place upper limits on the reheating temperature, in connec-
tion with supersymmetry and the thermal production of un-
stable gravitinos. This is especially important given that the
reheating temperature is otherwise poorly constrained. Re-
heating only leaves indirect imprints on cosmological observ-
ables, which are often dependent on inflationary and reheat-
ing model-dependent uncertainties (as e.g. in [23]). The
only model-independent bounds on Trh arise from the require-
ment that reheating should precede BBN [24] (Trh > 1 MeV).
Current bounds on the energy scale of inflation indicate that
Trh . O(1016) GeV [25], leaving a very large unconstrained
parameter space in general.
This paper is organized as follows: in Sec. II we briefly
review gravitinos thermal production during reheating along
with the implications of an unstable gravitino for BBN; in
Sec. III we compute the effects of gravitino decay on the CMB
frequency spectrum; in Sec. IV we offer our conclusions and
propose possible future improvements.
II. RELIC GRAVITINOS FROM REHEATING
In local supersymmetric theories (supergravity), when
SUSY is spontaneously broken, the gravitino acquires a mass
by absorbing the Goldstino (Goldstone fermion associated
with the broken symmetry). The gravitino mass and the scale
(F) of SUSY breaking are related by F ≈ √m3/2 MP, where
MP ≈ 2.4 × 1018 GeV is the Planck mass.
During reheating, interactions in the hot plasma lead to
gravitino production. The relic density is given by [26]
n3/2 = Y3/2 s(T ) , Y3/2 ≈ 10−12 Trh1010 GeV . (1)
Here s(T ) ≡ (2pi2/45)g∗(T )T 3 is the entropy density of the
plasma, with g∗ the total number of relativistic degrees of free-
dom. The numerical coefficient in Y3/2 can vary depending
on the specific value of the cross sections for production pro-
cesses, but typically results in variations at most of a few in
the overall value of the gravitino number density after infla-
tion.
The gravitino decay rate is fixed as a function of the mass and
of the effective number of decay channels (Ndec) [27]:
Γ3/2 =
Ndec
(2pi)
m33/2
M2P
. (2)
The beginning of the µ distortion era (z ' 2 × 106) is sub-
sequent to the time frame of BBN (ranging from an initial
temperature of 1 MeV down to 10 keV). The transfer of en-
ergy from decaying gravitinos into the CMB photons is most
efficient if the decay products are energetic photons [36] or
charged particles. As a result, for unstable gravitinos whose
decays are relevant to spectral distortion, one also expects im-
portant effects on BBN [28]. Predictions of BBN theory for
the current abundances of the light elements (mainly D, T,
3He, 4He) involve a main parameter, the baryon-to-photon ra-
tio (ηB). Agreement between theory and the observed abun-
dances calls for ηB ≈ 3× 10−10. The outcome of BBN may be
entirely different in the presence of gravitinos (or other relic
particles decaying after T ≈ 1 MeV). Specifically, there are
three main consequences on BBN: (i) the presence of massive
gravitinos may affect the expansion rate, leading to an over-
production of 4He; (ii) radiative decays of gravitinos may lead
to a suppression of ηB; (iii) energetic decay products (such as
photons or charged particles) may destroy the light elements.
The third class of processes has been shown to represent the
dominant effect on BBN for relic particles in the range of
masses that we will be concerned with in this work.
In the next section we will compute the CMB distortion
from gravitino decay and present our results along with some
constraints from the literature on (iii).
III. IMPLICATIONS FOR SPECTRAL DISTORTION
The first step is to compute the rate of energy release from
gravitino decay
dEdec
dt
= 3/2m3/2
1
a(t)3
d
dt
[
a(t)3N3/2(t)
]
. (3)
Here 3/2 is a dimensionless parameter quantifying the frac-
tion of energy from the decay products that contributes to
heating of the CMB photon bath via Comptonization, m3/2
is the gravitino mass, a the scale factor and N3/2 is the number
density of gravitinos. Following the parametrization in [29],
Eq. (3) can be rewritten as∥∥∥∥∥dEdecdt
∥∥∥∥∥ = f3/2 NH Γ3/2 e−Γ3/2t , (4)
where the quantity f3/2 collects all of the information about
the decaying particle (its mass/lifetime as well as its abun-
3dance) and about the decay process (e.g. the number of chan-
nels or the number of effective relativistic degrees of freedom
produced from the decay). In Eq. (4), NH is the number den-
sity of hydrogen nuclei and Γ3/2 the decay rate of gravitinos.
It can be shown that f3/2 (or f3/2/z3/2, where z3/2 indicates the
redshift at which the decay occurs) factors out of the integrals
in the definitions of the effective µ and y distortion parame-
ters, thus proving a very convenient choice for parametrizing
spectral distortion signals from decaying particles. With the
above definitions, and using Eqs. (1) and (2), one arrives at
f3/2
z3/2
' 3/2 10
−6
N1/2dec
( Trh
GeV
) (m3/2
GeV
)−1/2
eV , (5)
where we used NH ≈ 1.9 × 10−7 (1 + z)3 cm−3 for the number
density of hydrogen atoms. The relation between gravitino
mass and lifetime is t3/2 ' (2.4 × 1013/Ndec) (m3/2/GeV)−3 s.
We use a conventional time-temperature relation, t ≈
[
√
45 MP]/[
√
2pi2 g∗(T )T 2], and time-redshift relation, z ≈
4.9 × 109/√t/s throughout.
The r-distortion appearing at intermediate redshifts (104 .
z . few × 105) normally requires a numerical treatment [10].
In this paper, we wish to retain analytic control over our cal-
culations. We will therefore focus on µ and y distortions, for
which simple analytic approximations have been found, leav-
ing the study of any intermediate-type distortion for future
work. It is also well known that, at smaller redshifts, another
contribution to the y-distortion arises, namely that due to the
inverse Compton scattering of CMB photons off free electrons
(thermal Sunyaev-Zeldovich, tSZ, effect) [6, 30]. Thus, limits
derived from the y-parameter should be interpreted as conser-
vative upper limits.
We write the fractional variation of the energy density of
CMB photons as the sum of µ and y distortion contributions
∆ργ
ργ
≈
[
∆ργ
ργ
]
µ
+
[
∆ργ
ργ
]
y
, (6)
where the effective distortion parameters are given by [31][
∆ργ
ργ
]
µ
≡ µ
1.401
,
[
∆ργ
ργ
]
y
≡ 4 y . (7)
For pure µ and y distortion one has
µ ≈ 1.4
∫
JbbJµ 1
ργ
(
dE
dt
)
dt , y ≈ 1
4
∫
JbbJy 1
ργ
(
dE
dt
)
dt .
(8)
where the thermal response of the medium to the energy injec-
tion has been parametrized with the visibility functions [32]
Jbb(z) ≈ exp
[
−(z/zµ)5/2
]
, (9)
Jy(z) ≈
1 + ( 1 + z6.0 × 104
)2.58−1 , Jµ(z) ≈ 1 − Jy(z) .
Here Jbb accounts for the fact that thermal equilibration pro-
cesses are highly efficient at zµ ≈ 2 × 106. The definition of
Jµ follows from enforcing energy conservation according to
FIG. 1: Limits placed by FIRAS (dashed lines) and sensitivity pro-
jections for PIXIE (solid lines) from y and µ distortions on the ef-
fective energy input per hydrogen atom normalized to the redshift
at decay, f3/2/z3/2, and the lifetime, t3/2. The range of values of t3/2
encompasses the whole µ-distortion era and the y distortion-era un-
til around recombination (green band). The areas above the dashed
lines have been excluded by FIRAS.
Eq. (6) andJy was found to approximate the branching of en-
ergy eventually appearing as y-distortion [32]. In Eq. (8), we
set the lower bound in redshift in the integral for y-distortion
to z ≈ 1000. The y-distortion is in principle produced down
to z ≈ 200 (at z < 200 the rate of baryons-photons interac-
tions becomes too low for thermodynamic equilibrium to be
maintained). However, at z < 103 a more detailed treatment
of the energy exchange between matter and radiation may be
required as the plasma recombines.
From the observed limits on µ and y from COBE/FIRAS
and from the forecast sensitivity of an experiment like PIXIE
(|µ| . 2 × 10−8 and |y| . 4 × 10−9), one obtains the bounds in
Fig. 1 in the ( f3/2/z3/2 , t3/2) plane. Red lines are from y, blue
lines from µ distortions. Dashed lines denote the lower con-
tours of the exclusion regions defined by FIRAS observations.
Solid lines show the sensitivity limits of PIXIE.
The joint bounds on Trh and m3/2 are derived from the ones
on ( f3/2/z3/2, t3/2)
Trh
GeV
'
(
f3/2
z3/2 eV
) 106 N1/2dec
3/2
(m3/2
GeV
)1/2
, (10)
m3/2
GeV
'
(
2.4 × 1013
Ndec
)1/3 ( t3/2
s
)−1/3
. (11)
For given values of the gravitino mass, Ndec and 3/2, the tem-
perature given in Eq. (10) represents: (i) the maximum reheat-
ing temperature currently allowed by FIRAS y and µ distor-
tion bounds, for f3/2/z3/2 given by the FIRAS lines in Fig. 1;
(ii) the smallest value for the upper bound that an experiment
like PIXIE would be able to place on the reheating tempera-
ture, for f3/2/z3/2 given by the PIXIE lines in Fig. 1. Notice
that, as one approaches 3/2 → 0 (limit of no energy transfer
to the photons), Trh in Eq. (10) becomes larger, i.e. the con-
straint from spectral distortion weakens. The other extreme is
4FIG. 2: Collection of FIRAS and BBN exclusion regions in the re-
heating temperature - gravitino mass plane, along with PIXIE sensi-
tivity limits (solid lines). The shaded area is ruled out by BBN [33],
dashed lines define the lower boundaries of the areas ruled out by
FIRAS. Color codes are as in Fig. 1 for y and µ distortions. The en-
ergy release scenario is that of a decay of a gravitino into a photon
+ photino. The three figures correspond to decreasing values of the
branching ratio for this process: B[G→γ+γ˜] = 1, 0.1, 0.01, respectively
moving from the figure at the top to the one at the bottom.
3/2 → 1, which provides the most stringent bounds that can
be obtained for a given process.
Gravitinos decay through a variety of channels. Several
studies have been proposed that quantify the effects of the
decay on the BBN predictions for light elements primordial
abundances [28]. We will refer to the studies carried out in
FIG. 3: Limits from spectral distortion (blue and red lines) and from
BBN (black line, reproducing results in [34]) for gravitinos decaying
entirely into hadrons.
[33] and [34] and include some of their results in our plots,
alongside our spectral distortion sensitivity lines, so as to vi-
sualize the different cosmological constraints simultaneously.
Unsurprisingly, both in the context of BBN and of spectral
distortion the most severely constrained scenarios involve di-
rect decays into charged particles and/or into photons.
We will first consider the case of a gravitino decaying into
photon + photino. If the photino mass is mγ˜  m3/2, the total
decay rate reads
Γ3/2 '
m33/2
32 piM2P
. (12)
Our results for this case are shown in the first plot of Fig. 2.
Here we set 3/2 = 1/2: the fraction of gravitino initial en-
ergy effectively converted into photons is the one ultimately
responsible for CMB distortion.
The effect of such a decay on BBN are well-studied.
Photons emitted during the decay initiate an electromagnetic
cascade. They can scatter off background photons transfer-
ring energy to the latter or producing, for example, electron-
positron pairs. Photons can also interact with matter, scatter-
ing with background electrons or producing pair creation in
the presence of nuclei.
We consider the results obtained in [33]; here the spec-
trum of high energy photons and electrons was computed and
from it photodissociation effects on the light elements were
quantified. The BBN lines shown in Fig. 2 arise primarily
from D and 3He abundances: the shaded region corresponds
to an overproduction of these elements and is therefore ex-
cluded. Notice that the bounds from BBN are at least one
order of magnitude stronger than the FIRAS limits in most of
the mass range reported in the figure, with spectral distortion
limits approaching the ones from BBN only near the extreme
ends of the range, i.e. around m3/2 ≈ 10 GeV and towards
m3/2 ≈ 700 GeV. The latter value corresponds to gravitinos
decaying at the onset of the µ era. In this plot (the same will
apply to the remaining plots of Fig. 2), in order to draw a com-
parison with the limits from BBN studies in the literature, we
considered m3/2 ≈ 10 GeV as the lowest value of our mass
5FIG. 4: FIRAS exclusion regions (dashed lines) and PIXIE sensitiv-
ity limits (solid lines) for gravitinos decaying before recombination
(marked by the green band). Color codes are as in Fig. 1 for y and µ
distortions. The energy release scenario is that of a decay of a grav-
itino into photon + photino (upper panel) and of a decay into hadrons
(lower panel), both with unitary branching ratios.
range. However, our spectral distortion bounds also cover the
O(1 − 10) GeV range, which we show in Fig. 4 (upper panel).
Our plot shows that an experiment like PIXIE has the po-
tential to provide highly competitive constraints on the re-
heating temperature: for masses 10 GeV . m3/2 . 100 GeV,
Tmaxrh ≈ 106 GeV from BBN, whereas PIXIE may be able to
probe reheating temperatures as low as 6 × 103 GeV.
In supergravity models where R-parity is preserved, the
lightest supersymmetric particle (in our case the photino) is
stable. One then should also require that the energy density
of relic photinos does not overcome the critical density today.
This results in an additional bound on the reheating temper-
ature [33]: Trh . 1011 (mγ˜/100 GeV)−1h2 GeV, where h is
the Hubble rate in units of 100 (km/sec)/Mpc. The photino
mass is strictly model-dependent. If m3/2 is viewed as an up-
per bounds for mγ˜ (condition for Eq. (12) to apply), then in
the above range for the gravitino mass, the bound derived on
the reheating temperature from the relic density of photinos is
much weaker than both BBN and spectral distortion bounds.
If gravitinos only partially decay into photons and photi-
nos, as will in general be the case, one may describe this
by introducing an additional parameter, the branching ratio
B[G→γ+γ˜] ≡ Γ[G→γ+γ˜]/Γtotal. A value B[G→γ+γ˜] = 1 would then
correspond to the results just discussed and represented in the
upper panel of Fig. 2. BBN bounds can be derived for dif-
ferent values of B[G→γ+γ˜] in [33]. Being blind to the effect
of the remaining decay channels, some of which will likely
have cosmological implications, the bounds derived with this
procedure will therefore be conservative. For the sake of com-
parison between spectral distortion and BBN constraints, we
adopt this simplified approach here. For consistency we as-
sume that the ratio of the initial gravitino energy that is trans-
ferred to the CMB bath is simply reduced by a factor equal
to the branching ratio w.r.t. the case where gravitinos entirely
decay into photons and photino, i.e. 3/2 = B[G→γ+γ˜]/2.
Our results are represented in the second and third panels of
Fig. 2, respectively for B[G→γ+γ˜] = 0.1 and B[G→γ+γ˜] = 0.01.
Notice that for these more realistic scenarios, the µ distor-
tion bounds from FIRAS are now comparable to or slightly
stronger than BBN bounds for the largest plotted values of the
gravitino mass in the B[G→γ+γ˜] = 0.1 case, and in the whole
mass range for B[G→γ+γ˜] = 0.01. As for B[G→γ+γ˜] = 1, our
plots show that also for these smaller values of the branching
ratio PIXIE would be able to rule out a substantial portion of
the currently allowed parameter space. One could gain ac-
cess to temperature values of Trh down to 105 − 106 GeV, as
opposed to the Trh & 109 − 1011 GeV range one can probe
with BBN and current spectral distortion bounds for gravitino
masses 10 GeV . m3/2 . 100 − 300 GeV.
We can also consider exclusively hadronic decay channels
for gravitinos, where one finds
Γ3/2 ≈
m33/2
5 piM2P
. (13)
We refer to the nucleosynthesis bounds obtained for this case
in [34], which were derived for a gravitino with mass m3/2 &
100 GeV. The heaviest gravitinos that µ distortion can con-
strain in this case have masses m3/2 . 300 GeV. In Fig. 3
we present our spectral distortion results (for which we set
3/2 ≈ 1) and also display the primordial nucleosynthesis
bounds from [34] (mostly due to 3He/D and to 6Li/H mea-
surements) in the overlapping mass range. The µ distortion
bounds from an experiment like PIXIE would be more strin-
gent than nucleosynthesis bounds in most of the mass range,
nearing BBN for the heaviest mass values. In Fig. 4 (lower
panel) we present the FIRAS exclusion regions and the PIXIE
sensitivity bounds for the range O(1 − 100) GeV of gravitino
masses.
Our results in Eqs. (5), (10) and (11) are completely gen-
eral and therefore applicable to any scenario for gravitino de-
cay, simply by varying Ndec and 3/2. We should also mention
that the spectral distortion constraints are derived assuming
that only a small fraction of all the energy transferred to the
medium by the decay products is absorbed by light elements,
and also ignoring a variety of other possible energy injection
mechanisms beyond decay into photons. A more complete
analysis should simultaneously follow the effective fraction
of energy used up by destroying light elements, and also more
complete energy injection cascades. The former effect might
6at best slightly weaken our bounds. The latter is likely to
strengthen them. We leave such an analysis to a future paper.
IV. CONCLUSIONS AND OUTLOOK
Cosmological datasets offer various routes to uncovering
beyond-the-standard model particle physics. Supersymmetry
is a promising candidate for extending the standard model and
searching for SUSY-induced effects is one of the main goals
in collider experiments. If SUSY is the correct description
of nature, it must broken at some energy scale. We do not
know what the SUSY breaking mechanism is, nor the scale at
which it occurs. Local supersymmetry (supergravity) theories
predict the existence of the gravitino, spin 3/2 superpartner
of the graviton. The gravitino mass is related to the SUSY
breaking scale and its interactions are fixed in a nearly model-
independent way. Being able to obtain stringent constraints
on gravitinos is then invaluable for testing supergravity.
Moreover, in the early Universe, gravitinos will be gener-
ated thermally from interactions in the thermal bath during
reheating following Inflation. In this case, their abundance
would be a function of the reheating temperature. If graviti-
nos decay after z ≈ 2 × 106, they may produce observable
distortions of the cosmic microwave background frequency
spectrum. Thus constraints on gravitino decays can provide
important constraints on the scale of Inflation.
In this paper we have analyzed how, with current technol-
ogy, spectral distortions in the CMB constrain a sizable region
of the reheating temperature - gravitino mass parameter space.
We have derived general analytic expressions for computing
µ and y distortions from gravitino decays occurring between
the beginning of the µ distortion era and recombination. Our
results are expressed in terms of a few parameters describing
the number and types of decay channels.
We have plotted the exclusion regions in (Trh, m3/2) space
for COBE/FIRAS along with the sensitivity limits of a
PIXIE-like experiment for various simplified assumptions
regarding gravitino decay, considering energy injection
purely by direct photon or hadron decay products. We
show that, when compared with the bounds from primordial
nucleosynthesis, a PIXIE-like experiment would be able to
constrain a much larger region of parameter space and that
the bounds from FIRAS can be competitive or exceed those
derived from BBN considerations (see Fig. 2 and Fig. 3). We
find that a PIXIE-like experiment will be able to constrain
inflationary reheating temperatures as low as 6 × 103 GeV,
which will cover most of the allowed parameter range for
inflation, and therefore interestingly might allow a detection
of SUSY-related Inflation, rather than a simple constraint on
models.
Our study can be extended in several ways. It would
be interesting to also include r-distortion, by performing a
numerical analysis of the thermal response of CMB photons
to gravitino decay. We also limited our study to gravitinos
decaying before recombination. Numerical tools have been
developed for extending our work to include lighter gravitino
masses corresponding to later decays. These are predicted in
a large number of supersymmetric models and are far from
being ruled out by other cosmological probes. Finally, more
stringent bounds could likely be derived with calculations of
full charged particle cascades beyond simple initial photon
or hadron decay products. As our analysis suggests, such
improvements are worth considering, given the great reach of
CMB spectral distortions for constraining gravitino physics
and the physics of Inflation.
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